Answers to Math 124 Autumn 2023 Final Exam
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1. (a) lim . = lim = lim ==
(a) Jiny ?—=2r 22 +5+3 292 (2?—-22) (Va2 +5+3) 2z (Va?+5+3) 3
(b) lim 1 —sinz o TC0ST

z—=T/2 T — 7T/2 x—m/2 1

(c) From y = (sinx)™"?,

. In(sin z)
Iny = (tanz) (In(sinz)) = cosx - ()
Since ln(si
lim Iny = lim (cosx) - M = —00
20+ z—0+ sin(x)
li =
x sin(z3)
2. (a) f(z) = T
f(x) = (sin(z?®) + z - 3z% - cos(z?)) (1 + €**) — (wsin(z?)) (4e'*)
(14 eto)?
(b) g(z) =tan (a + In (b + e“*)) where a,b, ¢ are constants.
ceCI

g (z) = sec® (a+ In (b + %)) -

(¢) k(z) = arctan (ji_?;)

b+ e

pov 1 (2(4+472) 42z - 1)
‘0 g )
3. (a) f'(0)=—1
(b) w'(7) = -8
, 4
(©) w/(0) =~
(d) z=3,-4.6.5
(e) (1,3) and (4, c0)

4. Implicit differentiation:
A(® +y?) (22 + 2yy') = 25(22 — 2yy/).
SO
,_ 50z — 8z(2® +3%)
50y + 8y(x? + y?)

tangent is vertical when the denominator equals zero:

Y

0 =50y + 8y(z* + y*) = y (50 + 8(z* + ¢*))
since 50 + 8(z? + 3?) > 0 we must have y = 0 so using the curve equation
2(2%)? = 25(2?).

so 22(22% — 25) = 0. Since x # 0, we get = £4/5/2 so two points (£4/5/2,0).



5. (a) From
dy 3t2 + 8t
dr el +1
the tangent is horizontal when 3t + 8 = 0 so t = 0 or t = —8/3. The tangent is never
vertical since e’ + 1 # 0.

(b) From
2
Py _ G _ (=3 —2t+8)+61+38
da? dr (et +1)3
at t =10
Pyl _1®)+8
dz?|,_, (2)3
so concave up and at t = —8/3
dy e %/8(—56/8) — 8

<0

dx? |,y S (R
so concave down.

6. Differentiate tan = x/5 and plug in values:

o 1dx
dt — 5dt
to get dx/dt = 25/3 miles per hour.

5 ldx
2 _— T ——
SO sec (7T/6)4 T

2

so the area of the triangle is A = with domain a > 1.

7. Using similar triangles b =

From
W a’ - 2a
(a—1)2
we get the critical number a = 2 (since a = 0 is not possible). Then b = 4. To check it is
minimum: ) )
A,,:(Qa—Q)(a—l) — (a —2a)~2(a—1): -2 <0
(a —1)* (a—1)2
8. (a) lim — = —oo0 and lim — = o0
z—0~ T z—0t T
. e:t LH . ex . ex 0 7.l . /
(b) lim — =" lim — =00 and lim — =0 so L6
T—00 T T—00 T——00 T o
y = 0 is a horizontal asymptote on the left as L gL B
r — —OQ. 34\
T — 1 [ 5] | |
(¢) From f'(x) = 6<x—2) the function is decreasing _ % _
on (—00,0) and (0,1). dzdadsdafaoN] 1 2 34567
(d) From | | | LA
e*(z* — 21 + 2) | L Lq]
f/('r> = x3 t ——+A4H
the graph is concave up for x > 0 and concave i ] _2
down for z < 0. : -7




